Introduction
The European red spider mite (ERM) Panonychus ulmi (Koch) (Acari: Tetranychidae) causes damage in apple orchards especially during warm, dry seasons. In Finland, ERM normally has three or four generations, in warm summers even an incomplete fifth generation may occur (Listo et al. 1939) . In addition to temperature, humidity and rain affect mite populations. Veerman (1985) mention that ERM winter egg hatch is greatly reduced in very high or low relative humidities during incubation. Putman (1970) noticed a delay in development as well as an increase in mortality of ERM summer eggs in relative humidities above 92 %.
The relatively short growing season typical of Finland restricts the increase of ERM compared to temperate zones. On the other hand, unusually warm periods may result in unexpected mite outbreaks. In Finland, the effective temperature sums of growing seasons in day-degrees over + 5°C may vary even by 50 % between two successive years. A difference of this size can be expected to have a major effect on the reproduction rate of the mites. Besides summer temperature, changes in minimum winter temperatures may affect the viability of ERM winter eggs. Extremely low winter temperatures increase the mortality of ERM winter eggs (Lienk and Chapman 1958 , MacPhee 1961 , SOMME 1965 , 1966 . Especially in Finland, where the minimum temperatures may fall below -30°C, winter mortality may be of great importance.
In addition to the climatic factors, cultural measures may either increase or reduce the ERM density. Acaricidal sprays reduce mite numbers but, on the other hand, broad-spectrum insecticides affect natural enemies and, consequently, allow faster ERM population growth (McMurtry et al. 1970, Croft and Brown 1975) . Intensive cultivation together with pruning and use of fertilizers tend to result in higher ERM densities (Post 1962) . These techniques are applied more intensively in commercial orchards than in home gardens, and their influence on ERM densities can be seen in comparisons between commercial and home gardens also in Finland (Kropczynska and Tuovinen 1988) .
This report is part of a study which was initiated to develop integrated mite management methods for Finnish growers. One purpose of the study was to determine methods for estimating ERM densities in winter and during the season. The samples collected for purposes of estimation were used to evaluate the effect of temperature and precipitation on the numbers of ERM winter eggs. The aim of this report is to determine the relationship between weather and ERM winter egg abundance, to be used for prior rough estimates of ERM.
Material and methods
Apple twig samples were collected in NovemberMarch in the winters 1984/85 through 1989/90 from 6-34 orchards every year. Each sample consisted of 20 pieces of 10-20 cm twigs of the same cultivar, cut randomly from two-year-old branches, one twig/ tree. Sampling was done by growers, and they were advised to collect twigs throughout the whole field. 16-72 samples were inspected every year, and the total number of samples was 279. For egg counts, a 10 cm piece was cut from the top end of each twig, Fig. 1 .Cumulative sums of monthly day-degrees above + 5 "C in Piikkiö in 1984 Piikkiö in -1989 including at least one branch base. The number of undamaged, red ERM winter eggs was counted under a stereomicroscope.
The viability ofoverwintered eggs was checked in 1985-1988 by incubating samples from several orchards in the laboratory at +2O/+l5°C, 75±10 % Rh under a light/dark regime of 13/11 h (cf. Tuovinen 1990) . In 1984/85 and 1986/87, unusually low winter temperatures were recorded, and samples were taken at different dates before and after the cold periods (Fig. 3) .
Weather data were obtained from Piikkiö weather station (60°23'N, 22°33'E), which was chosen as the most representative meteorological station for the whole apple growing area. All the commercial study orchards are situated inside an 85 km radius from Piikkiö (excluding the samples from Aland). The following weather parameters were chosen, and the correlation with the ERM winter egg density on branches in the autumn was analysed: 1) effective temperature sum over + 5°C (= daydegrees) during the growing season,
2) sum of day-degrees in May-October (Fig. 1) , 3) total precipitation during the growing season, and 4) precipitation in May-October (Fig. 2) .
Other factors considered in the study were the origin (orchard) of the samples, the apple cultivars and the number of fungicidal, insecticidal and acaricidal sprays (Table 1) . In individual orchards, the number of pesticide sprays did not vary much from year to year, but there were some changes in the profile of the pesticides used during the study period.
For the analyses of weather factors, only the data from commercial orchards on the mainland (N = 209) were included. From these orchards, samples of the cultivars 'Lobo' and 'Kaneli' were most numerous. The data from unsprayed small 1984-1989. gardens (N = 50) were excluded, because in these gardens either no or only very few ERM eggs were found. The samples from Aland (N = 20) were also excluded because the island represents a different climatic area, and the number of samples was too small for separate analyses.
The origin and number of samples varied depending on the year. To exclude the effect of orchards and cultivars in weather analyses, regression analyses were made using the relative change in ERM winter egg numbers in two subsequent years from the same orchards and cultivars as a dependent variable, and weather parameters were calculated as relative changes between the same years. Hence, the analyses included the following terms: relative change in a weather factor = 100
relative change in ERM winter eggs = 100
The effect of pesticide sprays was analyzed by the Pearson correlation analysis using the data as such.
Results
The effective temperature sums in August, July, June and in the whole growing period showed a significant positive correlation with ERM winter egg numbers when all commercial orchards, Aland excluded, were taken into account ( Table 2 ).
The monthly precipitations in May, August and October showed significant negative correlations with ERM winter egg numbers ( Table 2 ). The correlation of total precipitation in May-October was also significant, although not so evident.
The numbers of ERM winter eggs varied in commercial, sprayed orchards depending on the orchards and cultivars, with quite a wide range of ERM winter egg numbers (Fig. 4) eggs/10 cm twig. In these samples the differences between years were small; other than year-bound climatic factors obviously control the ERM numbers in the nearly 'natural' conditions that prevail in small gardens. These unsprayed gardens were therefore excluded from the analyses. In commercial orchards, the differences in the mean ERM numbers between years were about three-fold during the study period, and the greatest difference for one cultivar between two subsequent years was about four-fold (Fig. 4) . When only the data from five cultivars in one orchard were considered, the differences between years were more distinct (Fig. 5) .
Low winter temperatures, especially in 1985 but also in 1987, caused a reduction in the viability of ERM winter eggs (Fig. 3) . In 1985, samples from different orchards were incubated before and after the cold period. In January, the hatching rate was quite low, only 49.4 % (S.D. = 12.8, N = 21) even before the extremely cold period at the end of January, and in February, after the cold period, only 23 % (S.D. = 3.6, N = 3). In Aland, where the lowest temperature in 1985 was -29.7°C, the viability of eggs at the end of February was 35.5 % (S.D. = 9.2, N = 6). In 1986/87, the viability of ERM winter eggs was studied in the autumn (November 10) before severe frosts. There was a significant difference in the viability of eggs in the autumn, 72.0 %, and after the winter, 56.5 % (Student's t-test, P<0.001).In 1986 and 1988, with The number of pesticide sprays in commercial orchards did not vary much in 1984-89 (Table 1) . In all orchards, the number of acaricidal sprays correlated positively with the number of ERM winter eggs, but the correlation was very small (Table 3 ). The total number of pesticide sprays, as well as fungicides or insecticides separately, showed more distinct correlations with ERM winter egg numbers. In commercial orchards, a higher number of insecticidal and/or fungicidal sprays was reflected in greater ERM densities, but the effect of the acaricidal sprays was not significant. In 1985-88, most frequently in 1987, a new acaricide, flubenzimine (Bayer AG), was applied in some of the orchards. In control experiments, this acaricide appeared to be effective (Tuovinen 1989) . However, the effect of this acaricide in 1987 on the overwintering ERM density appeared not to be noticeable. The mean number of ERM winter eggs/10 cm twig on fiubenzimine-treated trees was 173.9 (N = 3) in 1986 and 66.6 (N = 22) in 1987, and on nonflubenzimine-treated trees 99.8 (N = 33) and 37.8 (N = 19), respectively. The relative change in ERM winter egg numbers between the two years was about the same in both groups of orchards. -It is assumed that the relatively poor results with flubenzimine were due to spraying too early and under rainy conditions. The ERM winter egg density in diverse cultivars varied greatly from year to year, but no significant differences could be found when the two main cultivars were considered (Fig. 4) . In a single orchard, the variation between cultivars was greater, and the ERM numbers on cultivars differed significantly (Fig. 5) . The F-values and significance levels of the differences between the five cultivars were as follows: 
Discussion
The method used in this study to estimate the numbers of ERM winter eggs resembles the standard method of lOBC (International Organization for Biological Control) for ERM winter egg estimation described by Fauvel et al. (1978) . This kind of method gives a relative estimate of the ERM winter egg abundance and is therefore suitable for comparison of the sequential series of samples taken in the same manner. Karg and Freier (1986) mention that a critical abundance of ERM winter eggs is between 100 and 250 eggs/10 cm twig. This number of ERM winter eggs may lead to so high ERM numbers in spring that economic losses are possible. Freier and Karg (1988) stated that a threshold of about 140 eggs/ 10 cm twig can be expected if 11 twigs out of 20 possess more than 100 eggs each. As no studies of the thresholds under Finnish conditions are available, the above German thresholds may be used for now as reference. In this study, only in the spring of 1986 did the mean number of ERM winter eggs exceed the threshold of 140 eggs/10 cm twig. In the spring of 1988, none of the samples from individual orchards exceeded that threshold. Increasing temperature resulted in higher ERM winter egg numbers. The temperature in August affects the generation that involves those females that lay winter eggs; thus favourable weather in August results in high winter egg numbers. The total effective temperature sum of the growing season is highly significant in determining the number of ERM generations and thus also the number of ERM winter eggs, if the effect of limiting factors is restricted.
Especially, if the ERM winter egg numbers are high, the importance of extremely low temperatures in winter should be taken into account when the need for early spring spraying against ERM is considered. The results of MacPhee (1961) and Somme (1965) show that there are differences in cold hardiness between geographical strains of ERM. In this study, the lowest recorded temperature was -36.7°C, which is near the lowest 'supercooling point', -37.2°C, found in winter eggs of one strain of ERM by MacPhee (1961) in Canada. Somme (1965) determined -33.2°C as the lowest supercooling point. The supercooling point is here defined as the temperature at which the freezing of eggs occurs at a rapid cooling rate; the mortality depends also on the duration of exposure to the low temperature as well as on the speed of the fall in temperature. MacPhee (1961) proved that resistance to cold could be increased in the laboratory by selection. The Finnish ERM strains certainly possess a relatively high resistance to cold, as the lowest recorded temperatures in the apple growing area have been -37. 4°C in Piikkiö (1979) and -32.9°C (1979) at Mariehamn (Aland).
There are possibly slight differences in cold hardiness between the ERM strains in Aland and in the mainland.
The occurrence of predaceous phytoseiid mites (Acari: Phytoseiidae) was not recorded in this study. In Finland, the phytoseiid mite Typhlodromus pyri (Scheuten), used in integrated mite management (Collyer 1964 , Wildbolz 1986 ), has been found to occur only in Aland in small numbers (Tuovinen, unpublished) . The detrimental effect of low winter temperatures on T. pyri would be necessary to study if resistant strains of the species were imported for biological control ofERM.
Rainfall and high humidity are known to increase the mortality of ERM (Putman 1970) . As the rainfall is often local, the precipitation should be observed in each orchard separately to attain more detailedknowledge of the effect ofrainy weather on the ERM population density. However, the relatively clear negative correlation between the precipitation in May and ERM winter egg numbers in the following winter can be interpreted as the influence of rain on immature stages in conditions where leaves do not yet offer much shelter. In practice, it is advisable to consider the effect ofrainy periods in spring by inspecting leaves for ERM larvae soon after hatching, especially if winter egg numbers were high but no early spring sprays were done. The negative correlations of precipitation in August and October with ERM winter egg numbers may be a sign of the effect of rainy weather on the last generation, hence the egg laying females, and on their egg laying intensity. In Finnish conditions, ERM begins to lay winter eggs in August and continues until late October (Listo et al. 1939 ). The importance ofrain as a factor that reduces egg laying would need more detailed studies.
The positive correlation of increasing number of pesticide sprays with ERM winter egg numbers leads to the same conclusion as in earlier studies: insecticide sprays kill many of the important natural enemies of ERM, and thus result in higher ERM density (Kropczynska and Tuovinen 1988, Tuovinen 1989 ). The use of acaricides and fungicides is closely related to insecticidal sprays as part of the general cultivation technique. The positive correlation of these sprays with ERM winter egg numbers more likely reflects the effect of intensive apple cultivation techniques than the special effect of the sprays themselves. However, the commonly used fungicide, bitertanol, may have a slightly increasing effect on ERM numbers, as the data of Tuovinen (1990) show, although the possible influence was not significant.
The particular weather conditions result in lower or higher ERM winter egg numbers, and generally this effect is not highly dependent on other conditions at the orchard level in commercial orchards, assuming that the general growing technique is not changed. A low total effective temperature sum of the growing period, low temperatures in August and a high total precipitation, all these occurred in 1987. These circumstances resulted in the lowest ERM winter egg numbers during the study period. In any particular orchard, variation of ERM winter egg numbers from year to year could be roughly predicted from the weather data for the previous growing season, assuming that the changes in general conditions, e.g. pesticide sprays, are inconsiderable. In particularly unfavourable climatic conditions like in 1987 the weather based prognosis is applicable in general.
The number and size of the samples needed for general ERM winter egg monitoring can be estimated according to the weather conditions in the preceding season. If the weather has been unfavourable for ERM, that is: high precipitation in May, August and/or in October together with low temperatures in August and/or the whole growing period, the need for monitoring (numbers of samples, size of sample) is less than after a 'normal' year. Consequently, after an unfavourable year, the need for early spring sprays is negligible. In an opposite situation, that is: low precipitation in May or in August and/or October together with high temperatures in August and/or the whole growing period, the need of monitoring is essential. In this situation monitoring may not need any accurate inspections, because the high numbers of ERM winter eggs are easily seen as red colour on branches. In 'normal' years, the orchard level monitoring is most important as weather based general prognosis is not reliable.
The high mortality of ERM winter eggs due to exceptionally low winter temperatures should be taken into account when the necessity of early spring spraying with mineral oil preparates is estimated. The viability of eggs should be checked if the lowest recorded temperatures are prolonged or repeatedly below -25°C, and the observed ERM winter egg abundance should be adjusted for the increased mortality.
